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Abstract of JP8316125 

PURPOSE: To improve the resolution 



exceeding the diffraction limit by emitting the 
light from a light source to a mask, diffracting 
the pattern of the mask, diffracting the 
diffracted light through a projection optical 
system, and reproducing the pattern on a 
sample to be exposed. CONSTITUTION: A 
mask 1 is inserted between a projection optical 
system 2 and diffraction gratings A, B, and a 
diffraction grating C is inserted between the 
system 2 and a wafer 4. In this case, the 
gratings A, B, C are simultaneously phase 
gratings. The light R perpendicularly incident 
to the mask 1 is diffracted to zero order 
diffracted light R0, + primary diffraction light 
R1 and - primary diffracted light R1 ' on the 
mask surface. The light R0 arrives at a point 
AO on the grating A, and the light diffracted in 
the - primary direction is diffracted to + primary 
direction at the point BO on the grating B. 
Thereafter, it is diffracted at the point CO on 
the grating C via the left end of the pupil 3 in ± 
primary direction, and arrived at two points Q, 
P on the image surfaces. 
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i"5„ r<D4§£\ ■^^j!"(ro-c , l4J; , 3[ilSf^(D^:#^lHlJff 



MSlSl±l4#5)lX<CV\ sine >0. 5(DjfjgteT~mM 
1/NA© [U^te^F- B Ic A«~f 5 #JHc*J~f- 5 mXr-ft f± 

*\ HISHfc^B fcgffiwmjOJBJrSSSrn fctSi, sin 
e=NA©^^-C|5I*f«^-B (fi©*8&jSi§Lfc0JWte 
£S $ x^- [cSKAlt-r 5 ft. * IC I4J1J9 a. X N A "C ft 

sin0' = U/PB+sin0) /n = 2NA/n 
i&O, 0' < 9 0S"C-*5ftAO^(4. N A< n / 
2i/i5 0 BP*>, #3§l^&a*NA=n/2C05fe^;§; 

ttffie>#BUro^X£ ! &Ki Lfc^. ffi-s-C, ^>g#:/ 
nir^lc;fc^T«1it'Ge;H£ft-O->.3NA0. 6gJ?cog: 

#51. 3) -tWc UTP3t-rn«, $e»i:NA!;l. 

7bv^^^ffll,M, tK®7 ^-y© i ffiKDlfc-g: (3 6 
5nm) "t?^, 0. 1 tim&.T<om^&m^ <t 

roA#t«t4lS*-t*#^ft.s!>, jg(fettlE(*3tro<i3te«ffi 
i-3*<^ffi-5o —ASH-, m^<^ h-'i'SS^roAltBtc 

[0 0 3 0] «±roa^tt±Tiftttifi*a£<E5£U @iJr 

[0 0 3 1] Jfeivi, #BWK:fc^Tj£icf -<£-£U;:o^ 

[0 03 2] S5 1 (C, *3t^-CI4ii£3l5»3t«fe t it-< 
-c, -dai-8I?t®*^Wg§tu5 0 E! l J; "3 5^d^5 J; 5 
ic» ^H±©^Q X Q ' lc*3^Tfc 2 3fo8S;as3£:b9:5:^ 

2 *^:(tr r ^e>cD-^o^^«i--5 - t ^S* 
m^fft^ciJiit-v^^ 5 2 14, latc^bftiplci^— 

I?*® /f««ES: jg 3ti" 5 ^ * ^ ^ u~ K *89:^ 5 ^ 
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ZB) tcta^-r5®«-C, -hfEEgH©2ffiSrjgWi Lt 

isist-giis. tot, B*'5rie*ffi«6*sK3t bfcvffi 

IStO^fv^ HP*), £E©ffe£&©«roffitf>iEPSi 
# {aj x. 14" lfic^s/?* TS^-lcii, 
*-f(cK3t^I«B-C&S„ SftigislcW^t £I4Ih]#t1£^-B 

K, ^/n— ±g?3tH««)i|gW(i, WSNA'ZBttS 

[00 3 3] 121:, ##8i-ei4-«!J;:R}fc3&&ast£T 
-T5o *;Wfcr?^-±^«l^3ft*Sl4, ft^f 

iliS-f 5it5Sg(*{ST-r 5 r. t mfc 

[0 0 3 4] 131:, Sdroift^-C^L-fcJ; pic, tt±ic 
14. f *=0cDSi4L-V^[Hltfr^{cip^r, f" = ±2(SA 
+ SB)ft'ltV7 h tfc7-!) xf C5„ -ft 

PAS 1/(1- 2 • NA/M) 

i-fftHi^o -^7*9 "t?[hUt^ 2 'NA/m 

r!aIifr£ftfclHlifr}t (EU^Rl) (c*)-rsiH]ST*&^-A 

[0 0 3 5] »4(C, 3|E3SWW3t^-CI4, lH]}Jff&^# 
5tSSt5 (09;U4\ l?fc5E'<* — vt = t — h 



KM) . 0 6 aro3t^^ffiiRMT*&5fcfe(c:i4, CTx. 

I40X 1 X 2 X 3 I, OY 1 Y 2 Y 3 I, MOZJZ2Z3I 
<£>#}tS§«:GO^/55 0 f &ttftti&e>&V\ Lt5»U rft 

S5ft^?& t4i|SZg 0 ©lift t£%&3k -efc 5 £ 5 
£, X 2 X 3 = Y 2 Y 3 =Z 2 Z 3 ,fc!9, OX,X 2 +X 3 K 
OYj Y 2 + Y 3 I , STOZjZj+ZairoS^itif t4 

50 Biroitt^Srg|§)5ox 1 x 2 x 3 i ^e>oz 1 z 2 z 3 i 
l-S53tBSW^SiR^feO Y X Y 2 Y 3 I 

*i-53t«S»ciit-f5ilX^w-(s)W:, 

bw + tsJtiSrfiiLt^tiW. *«W?f4, 

51 51c, +*[6)i-*i*)ir(5]$rLfc3tlc*i"t-5K±ilZ 

wWCffiE-TSCi:i5»*Uv\ cft(4, -fttl-gwi; 
5 ^*fer-fif pit *s-C# 5. 

[0 0 3 6] w + (s)tw-(s)/45^Lfj-ft(4, CftSr 

S^*^*-c»iEi-s r t^^rig-efos. -e^-c, aw 

(s)= {w + (s)} - {w-(s)} Sr, ffll± dg6T?(4 
-ISsSlCil) -C-ffltfttJt^T+^l-'J-SV^SS 
(cfl]^fti4J;w -*r, Aw±(s)(4, #(3#f*&^-ro^ 

S«i@5f»^«>ta*MflcSBi«^<o^7P<-^x i (i 
= 1, 2, ■•■) <og|gci Lt«J^ t Ras 

14, -lSsSlOtlt, Aw(s, xi)<5SrWifc 
V^T(43glt^JT*ifi'<5 < , l^-f;ftlc*4\ r<D4 5(CL 

I4\ J;f9»*bv\ 

[0 0 3 7] i^Ji, fffi^Ofcft-^^^^N'^ — yfc L-C 1 

14, ^^^aiim©Jt^(4, 3tf4t(Hl^*S-^©jg^lS] 

AwtLT, W±<D2^5cffiS (s, t) coMSc 
Aw(s, t)= {w+(s, t)} - {w-(s, t)} Sr 

ttffirtt?, Aw(s, t, x i)<6*«fci-x i 
•Sr#«>*U4J:V\ ) mi4, w±(s, t ) Srfe_h-C? s = 0 
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[0 0 3 8] ±X<Djjfa\Z.$i\^X*%m<D%iSk 
Sr#6fc*lci4, m%.\£m7 a , b ic^fJ: 5 l-#imjf 

£\ aW±Ol©f»4|Hl»»t<i:5. 

tl4^JffiL<, igseD.fcSfcijfcTGlHlSflS^Srffl^S 
©3*4 t>§UI#JT?fc5,, 128 a. b, c 14 3 ocoft^ift 

*iasft&^ k fLfrtt±.<r>mj&*k-c*>&o m 8 a com, 

coi&^\ x*[SlO/^-y|C^l,t5II«4NAttV"2 
fStfet), y*lR]©^^->'|c*fU-Cttl/V"2 
3„ i8cffli^, x, y <fc>NAi4V~2fg£& 
x, y*-rS]^ir*f-r5^tt^f41 : U<-'^- 

t ±-<?'< i'-yron'r^l- /^—^mzfifa ir J; 5 $j Pi 

[0 0 3 9] feifettte©^^ — >*[S]^#ttS:/«e<i-fc 
fcCtt, H8a, b, cCO&#£, #*0!|^«9 Of&El 

(Cx, y i^*l*iJtfcNA3:7"2fgLfce5i:lffllS!<C«Sr# 
^-Sr^Tm", |5]fiTt&T-i:tt>(cmSr9 0 

[0040] n]3ic^ufc<t ^KmnmiLW-yy i-** 
xi L m-rz>± i &.yt(Ditm-3i%MicM Lxmz.*m-v$> 
$*L-cv^<rfca(«a^^->'^-5riB-e$>5„ bp*., 

E17tc^LfcJ; 5«:2J9c7clHl«Tl&^sffi 

ffl^Tfig-?, ISLE'S? h-**?(D%}%:&s<-?> — i^fttCtfe 

e>-f&:fclfiKfg«-*-*;r td5-C#5„ *8*&/^->co 

[0 0 4 1] Sfc, ±12i&3§l4— ISliNAWfi t fctc 
A*lc:«}^ci-5. rcofcfc, nao. i~o. 2gg«* 



[0 04 2] *mW\Z. 0 k L 

V>Tfc<*tHmLfct>©ICflfe/£6,/jM/'> 0 IP*,, EI ICO 

#385314, JgJfr*^, Slt3fe#^, so«rHfcro«a-& 
^, l^S, ^fy^TV Ky f— K ^y-y? 

145 MOSS IcHS oTSE-efe 3. 
[0 04 3] 

[HffiCT] 

(SUS^Jl) *ISWI-S<5gr, NA=0. 45, 
fl = 2 4 8nm, |g/J>^ 4 : 1 dj- -y ViK r F ^ 
dr TS^K3tSSe*, m 9 KSSCft 5 

icefeigufc., HP*>, 0 o±lc^:SL.fc: 

-^ZG-tzmw&m&l 0 3SrJPALfc„ X, 

-l o 5 k&myt^mi o 2cowir, ^afca^-?^- 

0 6*, ag3t^# — v<DfiWS^^i^>— ic*fB-f-5 J; 5 t- 
JfALfco — ^(4*13 0 0 /z rnmm 1 mmCOC 

r>^- ^, $Lfa&=f-;<t? — >i3.mM= 1/NA»S i 
gf-fk^^-Vi Lfc„ 0 3±0O 

ffiffi»^^^-^W^^|4, !?^i^^-'(l!l<D4f&-Cfo5o 

s imtmm\-±. mn^^t^i-^^^^mmt- 

Lfc. X, •^^■^WflHBJJt^^ 1 0 7-dilr:, il.2m 
m, ^»|=4mmCOjS3t^i5' — V^t5STO$«l 
0 8SrKttfc„ ±ia«3te^^-^«Oii^«l4, 
-WSS^tSl 0 6±(nmit;<? — ^k#;'&kt£Z>£ 

[0044] s^?r3Slg 103 i^EcQ<a:fii&^w^#), 
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(ia^*i*) tmwmm m^it-r) €-53?s 

-C^5 0 ^iblc, •J'ji/n— ^t 1 — i?l 0 4±lcKtttd- 

ib^^ofc. ^f 1 — ^(HiW^l 10 11 ■vx^^-r-^ 
1 0 0 £ C^^— ^.-r— 1 0 4 Sr, 45-* 4 : 1 <DM& 

[oo4 5] ±iBB3t^esrffl^-c, v 



ficn^y W^ldi 9tN£9 0 nm (J§g8 1 8 0 n 
m) ffl^X h^-^^-ftfc ±|2^[b] 

£ffl^-C-+?£l 4 0 nm (J138 2 8 0 n m) mS"Cfoo 

-c/w^— &9 o state L-ci^D-^^fc-ggftL-cw-:^ 
[0046] ±<omi&m*, ^t^m<Dmm. n 

[0 0 4 7] (flffim) SWte^gAlcfl^ilX 
^rof£®;&s&/h i: * 5 J; 5 . ft^&mmit Lfc0iJ£* 
•To 01 0<D3t^lC*5^T, O, n±, H^te^-Sr^ 

fAL^v«*f*Ov^^Bttffi, hi (1=1 
~6) 1412 f (DSm&7rrt„ HJSrte^-A. B, Ck$=- 

^-m.±^>m^<^-^-immm 1 his^s^ss© 

[0 0 4 8] 



w±(s) = wu±(s)+ws±(s) 

wu±(s) = C 1 h 1 + C 2 (s 1 )h 2 +C 5 h s +C 6 h 6 
ws±(s) = C 3 h 3 +C 4 h 4 

C 1 = tan[(s±s Q )/M]/M, C 2 = tan[± (s 1 /n)-(s±s D )/(nM) ]/M, 

C 3 = tan[s/M]/M N C 4 =tan(s), 

C s = tan[(s±s 0 )/n], C 6 =tan(s±s 0 ) 

wuiiii±-es = otc#Lr##tfrfcj*#\ w 
s tt*f»/j:fiS;^*«-r. <au s 0 =na, Sl =x/P i§ 1 

A-e&5„ s c (na) , mfrte&M, mw^gM<om 

fty^p*-^ hi (i=l~6) Ms iSr-^tf. 
"C, wu±(sK w s ±(s)(C*J-LT)lXSISr*/hi:1-'< 

[0 0 4 9] 
[Si] 



NA 


0.1 


0.2 


0.3 


0.4 


hi/h5 


17.352 


16.167 


14.263 


11.343 


h2/hs 


0.529 


0.995 


1.343 


1.507 


ha/hs 


24.014 


22.600 


20.137 


14.819 


Iri/hs 


0.366 


0.485 


0.652 


0.920 


he/hs 


0.01 


0.01 


0.01 


0.01 


S1 


1.225 


1.259 


1.300 


1.349 


w max( s ) 


5x1 0" 9 


3x10" 7 


4x1 0" 6 


5x1 0" 6 




1x10" 12 


IxlO" 9 


2x10 1 


1x10" 5 



w^{s) = max[w+(s) - w-(s)] 
s1 = n X /PA 
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[0 0 5 0] NA=0.4t-*3V^ 

xi>+fr\z<&m.&®>nzz t^-sjflgffoofc wot 

[0 0 5 1] (HffitBJ 3 ) &fc, HJfi«a| l Lfc&ft 
S^B^/B^T, 0. 1 At mtftyi/- A-OD R AMSrffrS 

H3t7° n -tr ■f'-k Ic Ufc t> W "Cfe 5„ 

[0052] *-f, (0^-g-r) ^jg^L-fcs 

i M2 0 l-hi^TY V U-Vay2 0 2Syy- f- 2 
0 3£51ML.fc (HI 1 a) „ 7-fyi/-i/ 3 >Wy 

[0 0 5 3] 2fcfC. ^^v-? — 2 0 4M3>-?^ h 
A- 2 0 5 SrJ^fifc Lit (011b) 0 = ^ h 

I£, miS6BiH2 0 6, (m^-f) , Iff 

2SEi^2 0 7&Bf&L-ti (HI 1 1 c ) „ ffll SKIS 

(o. i nmh/s) i-ifflmmtiLtti/y b-rxt tmn 

mi t^Ufc®3t^aSrfflv^T8g*Ufc„ fit, ^r-c 
«-[Hlifr^»*rfat^'feSrll9 clc^ufcfcroic^H 
U $ b(-CttSr9 0Sllie$-&T#a^€r : ftofc 0 

l^^lciR^ffiE^w/u^-l 0 
£<b<blC9 0&[H]i|E$-t£A:<, m&ie>ffiftfo 
tC®0«5gai®{-S?j- Lt*l»lftSttii: Uc 0 . 1 ai m L/ 
S /KDMfi£tt=>-^^ hfr— 

0. 2 Mm/w— Ai?8£f+$ftT:fc9, 

[0 0 5 4] (H*^1J4) ifciZ, #3§HJcoSIJCDgglfe0)|i: 
LT, *|BW«r4)-^3aS! (DFB) U— tf-<0®f^ld 
iSffl L-fc^JICOI/MT^-So B^fil-I4> N A 0 . 5 
(DA r F^dr->-7 U— »^«/hS^3tiiB€rllJgCT 1 M 

d f b u— if-coftiaxsicdav^T, mi-ffiffim&gf 



.tiaJS^otttES-W-TSDFB if-«r, J; (5 
R8 -Cffii f£1" S r £ *s-5Tfg i ft o fc 0 
[0 0 5 5] 

co Pfl (HlSTt&^-X tt^gm^^^ £1S: It 5 r i d J: 

Sbfci®/hS^3ty y^5 7^Srfflv^r, tH*o. i « 

S I ©Saigas pJtg£&-5„ 

[0 0 5 6] 

nafficoffljW<cm?^] 

[01] *36WI-£5-3fc^fc©igtferoll5*S&^3*M 

[0 2] #a^*iijtffi(c j; zftgf&vsm&^-rm&m 

[0 5] *36W«cj;5-3fe^O-|RJ»tS3t*SSfeO- 

[0 6] *«KlcJ;5-3t^o«H4S:^-t-«S;@-Cfe 
5o 

[0 7] *^-effl^S3t^gBD D pi^tblcJ:i9#e>H5 

a*S:^i-«S;l2l-cfcS. 

[09] *%m<D-mmmK£&m%mw.<Dffif$.*7!k-f 
m&mxhz,, 

[0 1 0] *&W<D%iiCDmM&}<OVfl£$;7f:-tmXhZ> 0 

[011] &§8w<D&i<nmM&n~±z>7*/*'{xfEMTm. 
[^■^©IftM] 

5, 2 0-R9, 6, 2 9-3t*S, A, B, C--[Hllfft& 
•7-, R -it, R0. R0' "0&[Hl#f3£. Rl, R + , 
R 1" ■•■+ l&IsltfT^ Rl', R l&lHltfrft, 
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AO, A 1 •■■{5}#i1&^-A±(DM, BO, Bl--mm^ 
B±<DM. CO, CI, CI' ■■■mifT&^-C±<D&, 

q, p, q' ■■■^s±o^. 2 i ■■■m&miBim^*? , 

2 2 -ft, 2 3-iB!JS53fc^, 2 4-i, 2 5-M, 
2 6---^W^fii:tS->7 h^r^.^, 2 7— (S^ftCD 
O&ft, 2 8 — I- 1 5 1-M 5 2-ifofc^;* 

5 3 -^ISgtg, O-^^JhO^, X x , Y x , Z 
^••[HlJf^Aji©^, X 2 , Y 2 , Z 2 ---|Hliff*&^B±<D 
,6. X 3 , Y 3 , Z 3 - [U#rt&^ C±(DA, l- -@Lffi±(D 

[HI] 



mi 




102 

1 0 3-mWJ5$£&, 1 0 4-?ia- 

t.t—"J (t*isi-£) , los-'jiA- 106— aw 
^ts, i o 7-mmft¥%. i 

0 9-HX^ffliE7^^^— , 1 1 0-^-r— i?SJfl¥^, 
20 1-S ilC 202-7'fyi'->3y, 203 
—y— K 2 0 4--* + /<v'?- > 2 0 5 -=>>^^h 
*-vK 2 0 6-miglSiSl. 2 0 7-fS2JiEII 0 



[132] 



132 
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[12 7] 
07 



[128] 
08 
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